Editorial

Interferons and Viral Infections
Interferons are among the most biologically active of known substances. They are proteins, the natural product of eukaryotic ceils exposed to specific inducers, the best known of which is a virus infection. Interferons protect cells from the effect of virus replication by inhibiting the formation of new, infectious virus particles. However, this protection is, generally speaking, only conferred on cells of the same species as that in which the interferon itself was produced. Although the antiviral effect was the first property of interferons to be recognised, subsequent studies have revealed that they have many other activities including the inhibition of cell growth and division, and modulation of the immune response, both humoral and cell mediated. Of the three types of interferon, interferon a (leucocyte) and interferon fl (fibroblast) possess many similarities although they are antigenically distinct. Interferon 3' (immune) differs from interferon a and fl in many of its physical, chemical and biological activities as well as its antigenicity. Supplies of human interferons have been limited in the past because of the need for human ceils for their production, and early preparations suffered the disadvantage of containing no more than 1% actual interferon. In the last few years recombinant DNA technology has permitted the production of human interferons by microorganisms, and improved techniques together with the use of monoclonal antibodies have resulted in preparations with a very high degree of purity. This applies not only to the three types of interferon but also to a number of the twenty or so subtypes of interferon a that are known to exist. Since such genetically engineered, highly purified interferons have been available for only a short time, much of the reported work with interferons in viral infections has been performed with interferons produced by leucocytes of the buffy coat of human blood or by. human fibroblasts. However, trials with the new interferon preparations have confirmed that the activity observed with the earlier, crude products was the result of the interferon they contained and not caused by impurities. During influenza infections in humans the production of interferon parallels that of the clinical symptoms and virus excretion. By the time that antibodies are detected, interferon has virtually disappeared from the circulation (1). This suggests that interferons play an all important role in the limitation of, and recovery from, virus infections. Interferons are effective against practically all viruses and this makes them antivirals of great clinical potential. They are obviously indicated as replacement therapy in those who, for one reason or another, produce little or no interferon. This has been shown to occur in some children who are abnormally susceptible to upper respiratory tract infections (2) and also in some instances of fulminating hepatitis, when giving exogenous interferon appears to activate the patient's own interferon production (3). This latter observation may be an example of priming, in which the induction of cells pre-treated with a small quantity of interferon produces greater quantities of interferon than does the stimulation of cells without prior exposure. As interferon's antiviral effect is mediated through the protection of non-infected cells and not by any direct action on the virus particle, interferon's prophylactic effect will probably be greater than its therapeutic action. Intradermal interferon prevents the 'take' of subsequently inoculated vaccinia virus (4), and interferon given intranasally before and after virus challenge protects volunteers against infection with rhinovirus (5-8) or coronavirus (9) . Systemic interferon has been shown to reduce the incidence of herpetic lesions and the excretion of herpes virus following section of the trigeminal nerve in the treatment of tic douloureux (10) . It also delays the excretion of cytomegalovirus (CMV) in the urine and reduces the incidence of CMV viraemia in renal transplant patients (11) . More prolonged prophylaxis can also reduce the clinical manifestations of CMV infections in such patients (12) . In established acute viral infections the results have been less encouraging. In cases of herpes simplex virus infection leading to dendritic ulceration of the cornea, interferon alone has little effect, but in combination with wiping debridement (13), thermocautery (14) or trifluorothymidine (15) it is more effective than any of the treatments alone. Interferon does not influence the course of zoster in normal individuals, but in the immunosuppressed, where the appearance of endogenous interferon is delayed and the infection is more likely to become disseminated, interferon can reduce the incidence of serious complications and post-herpetic neuralgia. In addition it shortens the periods in the acute phase during which pain is experienced and new lesions appear (16) . Similar but less conclusive results have been obtained following interferon treatment of varicella in children suffering from malignancies (17) . Interferon therapy has also been tried in chronic infections, notably those with hepatitis B virus. Quite dramatic reductions or elimination of the circulating markers of hepatitis B virus can be achieved with interferon (18) . However, this may require repeated courses, with or without synthetic antivirals (19) , and success is obtained in only a proportion of patients. Furthermore, this phenomenon is known to occur spontaneously in some untreated cases. Treatment of congenital rubella (20) and cytomegalovirus (21, 22) infections has not resulted in any consistent clinical improvement, although reduction in viral replication can be achieved. Warts and the much rarer juvenile laryngeal papillomas result from infection with papiUomaviruses. Warts respond to interferon applied locally (23, 24) , while systemic interferon halts the progress of laryngeal papilloma and prevents its recurrence after surgical removal (25) . It is by no means certain which of interferon's activities, antiviral, growth inhibition or immunomodulatory, is responsible for the effect observed in these cases. The results summarized here represent very modest Success for a substance which has been heralded as the ideal antiviral and recognised for over 25 years. Progress has been slow mainly because the limited Supplies of interferon available until recently have restricted the number of trials. Furthermore, the optimal dosage, either prophylactically or therapeutically, has had to be determined by trial and error. For example it is now known that there is a critical concentration of interferon and frequency of administration below which intranasal interferon fails to protect against experimental rhinovirus infection (26) and that the beneficial effect of interferon in zoster in patients with malignancies is directly related to the amount given (16, 27) . Unfortunately it has now become apparent that even the highly purified interferon is, itself, toxic. More than one million units given systemically results in fever, headache and malaise and if medication is continued it induces anorexia and fatigue. Such dosage also depresses the bone marrow and affects liver function. Even when given topically to the nasal mucosa, for any period of time greater than a few days, mild inflammatory changes occur which prevent its use for long-term prophylaxis (7).
However, much work needs to be done before interferon can be discarded as mainly of academic interest and of little clinical importance. Virtually no trials have been performed with interferon 3' or many of the interferon a subtypes, and it is possible that one or more of these may have a greater antiviral to toxic ratio than those already studied. It is not known if synergism exists between different types and subtypes of interferon. This would seem worthwhile exploring in view of the fact that the greatest success in therapy so far has been achieved with interferon in combination with synthetic antivirals.
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